Abstract. Brigjend Slamet Riyadi road is the main city road serving the traffic of Surakarta City. It is located in the Central Business District so that many vehicles pass through this road. The relatively high traffic volume in Brigjend Slamet Riyadi affects the signalized intersections performance along this road. This study analyses the performance of signalized intersections along the Brigjend Slamet Riyadi road by using the IHCM 1997 method and PTV Vistro software. The IHCM 1997 method is a traffic modelling method based on empirical Indonesian traffic conditions. PTV Vistro is traffic modelling software based on empirical United States America traffic conditions. Analysis of the signalized intersections performance results using both approaches is compared with the field data. Calibration and validation of models is carried out to see the similarity of traffic performance results between models with field data. In general, the IHCM 1997 method produces vehicle queue length closer to field data than the PTV Vistro software. The IHCM 1997 method tends to produce lower degree of saturation, vehicle delay and level of service than the PTV Vistro software.
Background
Junctions are critical elements in a highway transport system as they are the locus points where delay, accidents and emissions tend to be concentrated [1] . One of the junction types which cater for increasing levels of traffic flows is the traffic signal control junction. Traffic movement on the intersection is set by the signal timing. Optimization of the signal timing affects the intersection performance which determines degree of saturation, vehicle queue length, vehicle delay and level of service (LOS) intersection.
Knowing the signalized intersection performance requires traffic modelling. The standard traffic modelling in Indonesia to calculate signalized intersection performance is the Indonesian Highway Capacity Manual (IHCM) 1997 method [2] . The IHCM 1997 method is a traffic modelling method based on empirical Indonesian traffic conditions. Several commercial traffic modelling commonly used to calculate signalized intersection performance include TRANSYT, OSCADY, PTV Vistro [3] [4] [5] . PTV Vistro is a traffic software developed by PTV Germany to analyse traffic performance of roads and intersections. In analysing signalized intersection performance, PTV Vistro software uses several methods, one of which Highway Capacity Manual (HCM) 2010 method [6] . The HCM 2010 method is a traffic modelling method based on empirical United States America traffic conditions. This study is conducted to determine the differences between IHCM 1997 and PTV Vistro models results, with field data using default and calibrated values of traffic parameters. Furthermore, it carried out a comparison of analytical results between PTV Vistro software using the HCM 2010 approach with the IHCM 1997 method for analysis of signalized intersections.
Brigjend Slamet Riyadi road, as the main city road serving the population movement of Surakarta City, is used as a case study. It is located in the Central Business District so that many vehicles pass through this road. The relatively high traffic volume in Brigjend Slamet Riyadi road affects the signalized intersections performance along this road. In this study, the performance of signalized intersections along the Brigjend Slamet Riyadi road is analysed using the IHCM 1997 method and PTV Vistro software with several scenarios. The calibration and validation process is carried out to find out the similarity of the models' results with the field data. Calibrated traffic parameters include the value of the base saturation flow and passenger car units (PCU) for motorcycles [4, 7] . Traffic measures of performance used as comparison is vehicle queue length. In the end of the analysis, the result of the signalized intersection performance in the form of degree of saturation, vehicle queue length, vehicle delay and LOS intersection of calibrated and validated models of the IHCM 1997 method and PTV Vistro software are compared.
Research methods

Location of research
The objects of the research are Purwosari Intersection, Gedengan Intersection, Sriwedari Intersection, Ngapeman Intersection, Pasar Pon Intersection and Nonongan Intersection which are located along the Brigjend Slamet Riyadi road in Surakarta City as shown in Figure  1 . All intersections are controlled by traffic signals. Table 1 shows the stage and green split arrangement of each intersection. [4] ; c) calibration 2 model, change the value of base saturation flow and PCU for motorcycle based on research result [7] . The differences of base saturation flow and PCU value of each scenario can be seen in Table 2 . Table 2 . The differences of base saturation flow and PCU value of each scenario. 
Scenarios
Results and discussions
Comparison of signalized intersection performance results of the IHCM1997 method and field data
Comparison of the IHCM 1997 method results and field data for morning and afternoon peak hour conditions can be seen on Table 3 and 4. The calculation results show that the base model (BM) produces a relatively large degree of saturation value. The vehicle queue length produced is very long and not in accordance with the reality in the field, especially for the approach that has high degree of saturation flow value (> 0.8). The greater degree of saturation flow tends to produce the greater percentage difference in the vehicle queue length between the model results and field data. This phenomenon indicates that the IHCM 1997 method with default values produces traffic measure of performance that does not match the field conditions, especially on traffic conditions which is close to the unstable conditions ( 0.8 = LOS D). Calibration and validation processes indicate that the change in the value of base saturation flow constant from 600 to 775 [4] still yields a relatively large vehicle queue length value compared to field data (C1M). By changing the value of PCU for motorcycles from 0.2 to 0.15 [7] then the vehicle queue length value produced by the C2M becomes closer to the field data. The t test results show Sig values > 0.025, meaning that the difference between the C2M results with the field data is not significant in the morning and afternoon peak hour conditions (see Table 5 ). 
Comparison of signalized intersection performance results of PTV Vistro software and field data
Comparison of PTV Vistro software results and field data for morning and afternoon peak hour conditions can be seen in Table 6 As in the case of the IHCM 1997 method, the calibration and validation processes of C2M results show that by changing the base saturation flow parameters on each lane of the road and the value of PCU for motorcycle from 0.2 to 0.15 the model produces vehicle queue length value closer to the field data. The t test results show the difference between the C2M model results with the field data is not significant in the morning peak hour condition, while in the afternoon peak condition it is (see Table 8 ). 
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Comparison of signalized intersection performance results of IHCM1997 method and PTV Vistro software
Signalized intersection performance results of the IHCM 1997 method and PTV Vistro software scenario that produces vehicle queue length closest to the field data, i.e. C2M are compared in terms of degree of saturation, vehicle queue length, vehicle delay and LOS intersection. Tables 8 and 9 show the comparison of the IHCM 1997 method and PTV Vistro software results for morning and afternoon peak hour conditions. In general, the IHCM 1997 method produces vehicle queue length closer to field data than the PTV Vistro software. Eleven and nine out of fourteen data for morning and afternoon conditions respectively are closer to the field data. The IHCM 1997 method tends to produce lower degree of saturation than the PTV Vistro software. This causes the value of vehicle delay and LOS of the intersection to decrease. The trend of analysis results is similar to those done by [8] . The analysis signalised intersection performance using the IHCM 1997 method and PTV Vistro software show differences in results due to some reasons as follows:  The basic saturation flow parameter used in the calibration and validation processes using the IHCM 1997 method formula. This might not suit the PTV Vistro software approach. This is because the analysis of traffic movement of the IHCM 1997 method is based on the width of the approach, while PTV Vistro software is based on the width of the lane.  The adjustment factor used in saturation flow calculation between IHCM 1997 method and PTV Vistro software is different.  The signal timing calculation between the IHCM 1997 method and PTV Vistro software is different.
Conclusion
The result of the signalized intersections performance analysis indicates that the vehicle queue length output of base model IHCM 1997 and PTV Vistro software is different to that of the vehicle queue length based on field data. It is necessary to calibrate and validate the model. By changing the value of base saturation flow and PCU for motorcycles, the models produce vehicle queue length closer to the field data. T test results show that there is no significant difference between model results and field data, apart from the PTV Vistro software model for afternoon peak hour. The IHCM 1997 method tends to produce lower degree of saturation, vehicle delay and LOS than PTV Vistro software. The IHCM 1997 method for the current condition often yields an analysis result that is less appropriate to the conditions in the field. Therefore, this manual is updated to adapt to the latest traffic developments of the Indonesia Highway Capacity Guideline (IHCG) 2014 [9] . The use of the IHCG 2014 method as a replacement manual for IHCM 1997 is not yet a requirement. The results of the analysis with the IHCG 2014 method is slightly better than the IHCM 1997 method. However, there is still a need for improvement due to the relatively significant difference of the IHCG 2014 method output with the field data [10] .
